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INTRODUCTION: 

 

We are developing new imaging techniques based on ultrasound elastography for 

monitoring the changes in size, shape and stiffness of tumors in patients receiving 

Neoadjuvant chemotherapy (NAC). NAC is often administered to women with operable 

stage II or III breast cancer with an operable tumor. It may shrink the size of the tumor 

and enhance breast conservation. Success of NAC depends on assessment of chemo-

sensitivity and early detection of the response of the tumor to the administered drug. 

However, the clinical tools used to monitor the response of cancer to NAC are less than 

ideal due to imprecision, high cost, and accessibility issues.  

Ultrasound systems on the other hand are widely accessible, cost-effective, and portable. 

Therefore, an ultrasound-based monitoring system could be used to regularly screen the 

changes in the tumor during the procedure and help with timely detection of drug 

resistance. We have been developing such a system, and our main achievements towards 

this goal can be categorized into four parts.  

First, we built the interface to connect a new 3D ultrasound probe ideal for elastography 

to our ultrasound machine. This involved both hardware and software development. The 

hardware is composed of probe wiring and connection to the ultrasound machine, a motor 

controller, and a digitizer to record the position of the probe. The software sends 

commands to the transducer and controls its motion. There are also functions available to 

read raw data from the probe, save the data, reconstruct 3D volumes, and send the data 

over a local network. This task had been completed in collaboration with the MUSiiC 

laboratory at the Laboratory for Computational Sensing and Robotics, Johns Hopkins 

University [1].  

Second, we developed a customized stereo camera system with structured light to 

reconstruct the surface of the patient’s breast. This task was not directly sought in the 

original statement of work. The 3D surface reconstruction system largely aids the 

deformable registration and localization of the tumor over time. The idea is to reconstruct 

the 3D surface of the breast each time prior to data collection from the patient. This 

surface is registered to the pre-treatment CT scan of the patient which will provide a 

base-line for comparison. This system is capable of mapping the surface with sub-

millimeter accuracy. The structured light in this system compensates for the lack of 

features on the surface of the skin. 

Third, we further developed our tracked ultrasound elastography (TrUE) to achieve better 

accuracy, increased robustness to noise, and higher image quality [2]. We now exploit the 

image content in addition to the tracking information to refine the displacement field. We 

have also incorporated a new strain estimation method that analytically solves for motion 

field [3]. Furthermore, we fuse multiple images to increase the signal-to-noise ratio 

(SNR) of the output image. 

Finally, we have carried out a series of experiments on a breast phantom, an elastography 

phantom, and pig’s liver. The breast phantom was employed to test our structured light 

stereo system and our tracked elastography method. A more controlled experiment was 

possible with the elastography phantom since the exact properties of this phantom are 

known. The ex-vivo and in-vivo experiment with the pig’s liver provides a more 

challenging environment close to clinical setups with the associated uncertainties. The in-

vivo experiment is especially challenging due to the internal motions such as blood flow 
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and breathing. The collected data from these experiments are only partially analyzed, and 

complete results will be published in near future. 

I have also expanded my knowledge about various aspects of breast cancer, medical 

imaging, and elastography. As a part of my training, I regularly attended weekly meeting, 

seminars, and a journal club.  

 

 

BODY: 

 

Task 1: Breast cancer training 

 

My clinical and engineering mentors have been very helpful by both tutoring me and 

directing me to the relevant articles, books, and online resources. In this period, I 

have been studying the various subjects on breast cancer such as the types, the risk 

factors, and the epidemiology of breast cancer. I also learned more about treatment 

options available for different stages and types of breast cancer especially NAC. 

Through regular meetings, we discussed research issues, applicability and practicality 

of our proposed techniques, the problems that need to be resolved and potential 

solutions. I closely followed the advancements in ultrasound and elastography by 

attending a weekly journal club and presenting recent publications. I also broadened 

my scientific knowledge by attending seminars and lab meetings. Although the 

subjects of these seminars may not have been directly related to my research, but they 

exposed me to new ideas and approaches that could be useful in my own research. 

The topics included computer integrated diagnoses and intervention, medical image 

analysis, image processing, ultrasound, and physics of medical imaging.  

 

Task 2: System integration and registration 

 

2a. 3D reconstruction 

3D reconstruction refers to creating volumetric data from 2D images for which spatial 

information is available. The images may be b-mode ultrasound or estimated strain 

maps. We have implemented a C++ code that reads the input images and their 

corresponding spatial transformations, applies probe calibration to the 

transformations, and reconstructs a 3D volume. Two methods have been implemented 

for reconstruction. Either a value for each voxel in the volume is south by finding the 

nearest pixels in all images, or the pixels of the images are scanned and merged into 

the nearest voxel [4]. Interpolation is necessary for both approaches. We have also 

developed visualization software with tools for manipulating and reslicing the 

volumes using visualization toolkit (VTK) [5]. These programs have been integrated 

into our data collection and synchronization software.  

 

2b. 3D probe interface and volume stitching 

We have a new high-frequency linear transducer capable of moving its elements in 

precise linear steps (micrometer resolution) to construct a cubic ultrasound volume 

(Figure 1). This transducer has multiple advantages over the traditional wobbler and 

the linear array probes. The linear motion of this transducer makes it suitable for 
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volumetric elastography since the spacing between the lines remains constant, and 

there are fewer variations in the size of the resolution cell. Also, uniform force can be 

applied to the tissue due to the flat surface of the probe. This is an important feature 

for elastography which helps in constructing a uniform image. The volume is also 

large compared to linear arrays. 

 

 
Figure 1: The 3D ultrasound transducer and our interface board. 

 

We built an interface for this probe shown in Figure 1. This interface is required for 

acquiring ultrasound data from the probe and consists of both hardware and software 

components. The hardware has three parts. There is a connector to attach the probe to 

the ultrasound machine. The wiring for the connector is made possible by 6 PCB 

boards each of which has 6 metal layers. Three of these layers are used for shielding 

and suppressing the noise. The motor controller has a separate board and controls the 

step motion of the elements inside the probe. The last component is a digitizer that 

converts the position feedback from the controller unit into digital signals (Figure 2). 

The controller and the digitizer are connected to the ultrasound machine via USB port. 

The power for the controller is provided by a separate power supply. 

 

  
Figure 2: The hardware interface for the 3D transducer 

 

The software component detects the probe and controls the imaging parameters as 

well as the motion of the motor of the transducer. By sending commands to the 

controller, it adjusts the speed, step size, and direction of the motor. This software is a 

part of a toolkit developed in MUSiiC lab [1] referred to as MUSiiC-Toolkit [6]. We 

also have a protocol to send the images (both 2D and 3D) over a local network to a 
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third party computer for further processing based on openIGTlink [7]. This will 

facilitate extended computational power for real-time processing. 

 

2c. Deformable registration 

We have revised the original plan for registration and localization of the tumors. In 

the original plan, we intended to directly register the 3D scans of the tumor together, 

which is a difficult task and may require additional supervision for failure detection. 

It also does not capture the shifts in tumor position with respect to the breast anatomy. 

In the new plan, we employ a stereo camera system to capture the 3D surface of the 

breast. This surface is then registered to the surface extracted from the pre-treatment 

CT scan. We will use a newly introduced point set registration method called 

“coherent point drift” [8] for deformable registration. The advantage is that the CT 

will provide a base-line for all ultrasound scans. The registration will be more reliable 

and it will be easier to track the changes in shape, size, position, and stiffness of the 

tumor since the images taken during the course of treatment are aligned with respect 

to the patient’s breast.  

To this end, we have developed a customized stereo system to reconstruct the 3D 

surface of breast. This system is specifically designed for breast imaging and consists 

of two cameras and a projector (see Figure 3). 

 

 
Figure 3: Structured light stereo system 

 

This device is mounted on a tripod facing down toward the breast. The projector 

projects several light patterns on the breast while the two cameras records the images 

of the breast (Figure 4 left). The structure light creates virtual features on the 

featureless surface of the breast. The pictures from individual patterns are stacked 

together creating a vector of several RGB values for each pixel. Having the camera 

calibration, the corresponding points in the images are triangulated to solve for the 

depth map (Figure 4 right). For this purpose, we have developed a C++ code as a 

“mex” function that can be called within MATLAB. This code is optimized for speed 

and can reliably generate 3D depth maps since several images with different light 

patterns are used. The patterns are specifically designed for this application. With the 

current implementation, only a few seconds are required to reconstruct the 3D map of 

the surface with sub-millimeter accuracy. 
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Figure 4: The left image shows the breast phantom under structured light, and the 

image on the right shows the reconstructed depth map. 

 

 

Task 3. Development of 2D and 3D TrUE 

 

3a. Fusion of DP-based USEI and TrUE framework 

Tracked ultrasound elastography (TrUE) is a frame selection technique which seaches 

for the best frame pairs that could be used for elastography [2]. In TrUE, we exploited 

the tracking data to enhance the quality of the elasticity images in two ways. First, 

having the tracking information, multiple pairs of images containing optimal hand 

motion are selected. The optimum value for lateral and out-of-plane motions is zero, 

and the optimum axial motion is selected by the user. Second, the strain images 

obtained from these pairs are fused together based on the location of each strain 

image to improve image quality. We now exploit the image content in addition to the 

tracking information to refine the displacement field. The details of this method can 

be found in the attached appendix, Section 2. 

In original implementation of TrUE, we used a normalized cross correlation (NCC) 

based technique to estimate the displacement map. NCC is slow and prone to errors 

due to decorrelation. In our new implementation, we have incorporated a new strain 

estimation method that is fast and shown to be robust to noise and outliers [3]. Our 

initial evaluations are very promising. A complete analysis of the performance of this 

technique is underway.  

 

Task 4. Clinical data collection, analysis, and validation 

 

4a. Breast phantom evaluation 

We carried out experiments on breast phantoms and pig liver to evaluate our 

developed imaging techniques. The results of these experiments are reported in the 

appendix, Section 3. We are processing the in-vivo data taken from pig liver. The 

advantage of experimenting with live tissue is that the internal motions due to 

breathing and blood flow are not omitted. These experiments also help us detect 

possible glitches and improve our system for fast data collection. Based on these 

experiments we will be working on a data acquisition protocol with breast cancer 

patients. 
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KEY RESEARCH ACCOMPLISHMENTS 

 

1. Software development for data collection, volume reconstruction, and 

visualization. 

2. Interfacing a new 3D ultrasound transducer for elastography. 

3. Building a stereo camera system with structured light optimized for breast 

imaging. 

4. Enhancing the performance our frame selection technique by using image content, 

fusing multiple images together, and incorporating an advanced displacement 

estimation technique. 

5. Evaluating the developed techniques on breast phantoms and pig’s liver. 

 

 

REPORTABLE OUTCOMES 

 

• Pezhman Foroughi, Hassan Rivaz, Ioana N. Fleming, Gregory D. Hager, and 

Emad M. Boctor, “Tracked ultrasound elastography (TrUE)” Medical image 

computing and computer-assisted intervention, Part II, pp. 9—16, 2010 

 

 

 

CONCLUSION 

 

The proposed monitoring system for NAC is aimed at personalizing the treatment for 

patients undergoing NAC procedure by early detection of drug resistance and assessment 

of chemo-sensitivity. In this period, we have been developing the components of our 

monitoring system and creating the necessary testbed for evaluation of the effectiveness 

of it. The new 3D probe is now ready for data acquisition and the structured light stereo 

system can create high resolution 3D maps of the surface of the breast. This map will be 

used for registration of datasets taken in different time intervals. The preliminary results 

of our tracked ultrasound elastography method show that it can produce consistent and 

high-quality strain images. In the next step, we will be integrating all these components 

into one system. We will also be conducting more experiments and analysis including in-

vivo animal experiments to test the resistance of TrUE to internal motions such as the 

ones induced by heart-beat and respiration. Finally, we will move toward a complete 

clinical trial by first seeking IRB and other necessary approvals. Although our specific 

target is breast cancer, there are several other clinical applications which may benefit 

from the techniques developed in this work. 
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